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高的 Cu2+截留性能；同时，对 Cu2+截留性表现出 pH 敏感性。 
力学性能和耐酸性增强的壳聚糖微珠的制备及表征研究 








































酪蛋白胶束辅助多级结构 ZnO 微球制备及表征研究 
将一定量的酪蛋白溶液、锌氨溶液以及无水乙醇按一定比例混合，得到的溶
液通过水热法进行反应，成功制备出了由纳米ZnO颗粒组装而成的多级结构ZnO
微球。该微球宏观尺寸范围为 500 nm-3 m，构成它的纳米 ZnO 颗粒尺寸约为




















ZnO 晶体生长的调控机制。依据 FTIR 和热失重(TG)的结果，并结合海藻酸钠/
氨水体系中制备得到的 ZnO 微球的结构差异，还对多级结构 ZnO 微球的自组装





































Today, the development of the human society has met serious difficulty at the 
challenges of environmental pollution and gradually exhausted fossil resources. 
Natural polymers, the renewable and clean resources, are fascinating and sustainable 
alternative energy resources. How to efficiently use them and to develop high-value 
materials from them have been becoming the global frontier research fields, which 
have attracted more and more attention. Because of the larger amount of functional 
groups, degradability, biocompatibility and non-toxicity, natural polymers have great 
potential application in fields such as wastewater treatment and biomedicine. In this 
work, cellulose, chitosan and casein were used as the raw materials. By empolying 
new methods, the pH-sensitive cellulose regenerated membrane, chitosan beads with 
improved mechanical properties and acid resistivity, polysaccharidesmulti-membrane 
hydrogels and hierarchical ZnO microspheres were prepared, respectively. The detail 
contents of our work are as follows: 
Preparation, characterization and application of pH-sensitive regenerated 
cellulose membrane 
Cellulose/chitosan hybrid membranes were successfully prepared by casting 
cellulose solution, which was dissolved in a NaOH/thiourea green solution system, 
onto the glass substrate and then regenerating it from chitosan (CS) acidic solution. 
The component of the hybrid membranes were characterized by elemental analyses 
(EA), Fourier transforms infrared spectra (FTIR) and differential scanning calorimetry 
(DSC), which indicated the CS existed in the regenerated cellulose membranes. The 
result of attenuated total reflection FTIR (ATR-FTIR) indicated the CS molecules 
were penetrated into the surface layer of the regenerated cellulose membrane. The 
scanning electron microscope (SEM) images of hybrid membranes display much 
denser homogeneous porous structures with mesh network patterns in the surfaces and 















denser structure, the strength of the hybrid membrane has been improved. In addition, 
the water permeability (J) and rejection (R) of Cu
2+
 for the membranes were 
determined by a mini flat membrane device. The results indicated the hybrid 
membranes not only maintains a high water flux, but also shows a high rejection of 
Cu
2+
. At the same time, the hybrid membrane presents pH-sensitive on Cu
2+
 rejection. 
Preparation and characterization of cellulose-coated chitosan beads with 
improved strength and acid resistivity  
CS beads coated with cellulose were successfully prepared by simply dropping 
by dropping acidic CS solution into alkaline cellulose solution. The surface 
constitutes of prepared cellulose-coated CS beads were characterized by X-ray 
photoelectron spectra (XPS), which indicated that the cellulose exists in the surface of 
CS beads. The SEM images of composites CS beads exhibit porous structure in the 
surface, which is the microstructure of the covered regenerated cellulose layer. 
Compared with the pure CS beads, the composites CS beads display improved 
mechanical strength and acid resistance. However, the adsorption behavior of CS has 
not been reduced by the cellulose coating. 
Preparation, characterization and application of a polysaccharides 
multi-membrane hydrogels 
Polysaccharides multi-membrane hydrogels were successfully prepared by LbL 
methods. That was by immersing agarose gel-core containning crosslinking agent into 
biopolymers solution and crosslinking agent solution alternately and repeatedly. CS 
multi-membrane hydrogels with and without pH sensitivity were prepared by 
crosslinked with glutaraldehydeand and terephthalaldehyde, respectively. The factors 
of controlling layer thickness of CS multi-membrane hydrogels were studied by the 
CS mono-membrane hydrogels. The results indicated the layer thickness is controlled 
by the diffusion process of crosslinking agents into CS solution. In addition, 
carboxymethyl cellulose (CMC) multi-membrane hydrogel crosslinked with 
aluminium ion was also prepared by the same method. Summing up the results of 
different crosslinking system, the formation mechanism of multi-membrane hydrogels 















exhibit porous structures with mesh network patterns both in CS and CMC 
multi-membrane hydrogels. In addditon, it is notable that CS multi-membrane 
hydrogels consist of several sublayers in each layer and present hierarchical 
multi-membrane structureas in whole. Using flexible gel-cores, the various shapes of 
multi-membrane hydrogels, such as onion-like, tubular and star-like multi-membrane 
hydrogels were prepared. The decomposition studies showed that acid-sensitive CS 
multi-membrane hydrogels present LbL peeling off decomposition process. Finally, 
the properties of biomedicine of multi-membrane hydrogels were researched by 
culturing chondrocyte on CS multi-membrane hydrogel scaffolds. The SEM images 
displayed that the chondrocyte could excellently adhere and proliferate on the 
scaffolds after culturing two days. 
Preparation and characterization of novel hierarchical ZnO microspheres  
The hierarchical ZnO microsphere assembled by ZnO nanoparticles were 
successfully prepared by hydrothermal method with the assistance of casein micelles. 
The range of microspheres size is 500 nm-3 m, and the size of ZnO nanoparticles is 
about 30 nm. The crystalline structures of hierarchical ZnO microspheres are in 
wurtzite phase, which were characterized by X-ray diffraction (XRD). The 
preparation conditions of ZnO microsphere were optimized through tuning the 
contents of Zn
2+
, ammonia, casein micelles and ethyl alcohol. Through elevating 
reaction temperatures, the inner structures of ZnO microspheres were transformed 
from solid to hollow microsphere. We think the transformation is a typical Ostwald 
Ripening process. According to coordination chemistry theory and experiment results, 
the growth mechanism of ZnO crystals was investigated. The results indicated that the 
different ZnO crystals were formed due to the selective conjunction between casein 
micelles and ZnO microlites. Furthermore, according to the results of FTIR and 
Thermogravinetry (TG) and through comparing with the ZnO microspheres prepared 
in sodium alginate/ammonia system, we propose the self-assembly mechanism of 
hierarchical ZnO microspheres. That is the hierarchical ZnO microspheres are 
assembled by continually capturing and releasing between casein micelles and ZnO 















According to the same method, the hierarchical CuO microspheres were successfully 
prepared. Therefore, here, a facile method of preparing hierarchical metallic oxide 
materials is provided.  
In this thesis, the preparations and characterizations of novel natural polymer 
materials are original researches. 
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